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(54) Composite light-emitting device, semiconductor ilght-emHting unit and method for 
fal>ricating the unit 



(57) A composite light-emitting device according to 
the present invention indudes a light-emitting element 
Including a transparent substrate and a mult'iayer struc- 
ture formed on the substrate. The multilayer structure 
includes first and second semiconductor layers of first 
and second conductivity types, respectively. The device 
further indudes a sii>mount member for mounting the 
llght-emittrng element thereon. The principal surface of 
the submount member faces the multilayer structure. 
The submount member is electrically connected to the 
light-emitting element. The light-emitting element is cov- 
ered with a wavelength-shifUng resin member. The resin 
member is provided on the principal surface of the sub- 
mount member and contains a photofluorescent or fil- 
tering compound. The photofluorescent compound 
shifts the wavelength of radiation that has been emitted 
from the light-emitting element, while the filtering com- 
pound partially absort>s the radiation. 
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Description 

BACKGROUND OF THE INVENTION 

5 [0001 ] The present invention relates to a composite ligM-emrtting device including a light-emitting element such as 
light-emitting diode or laser diode, which is implemented as multiple semiconductor layers stacked on a transparent 
substrate* and a resin member. The resin member may contain a photof luorescent compound that shifts the wavelength 
of the radiation emitted from the light-emitting element or a filtering compound that partially at>sort)s the radiation. The 
present invention also relates to a semioonductor light-emitting unit including the composite light-emitting device and to 

10 a method for fabricating the same. 

[0002] A technique of shifting the wavelength of radiation emitted from a light-emitting element using some phos- 
phor has been well known in the art. For example, according to a technique, the inner wall of a glass neon tube is coated 
with a phosphor, thereby changing orange light into green one. As an alternative, a photofluorescent compound Is 
added into a molding resin compound for a gallium arsenide (GaAs) light-emitting diode (LED) to convert red emission 

IS into green one. Recently, a white LED lamp, which emits white light by coating a blue-4ight-emitting diode of a Group III 
nitride semiconductor like gallium nitride (GaN) with a photofluorescent compound, was put on the market. In this spec- 
ification, such an LED will be simply referred to as a "GaN LED". 

[0003] Hereinafter, a prior art white LED lamp will be described with reference to the accompanying drawings. 
[0004] Rgure 14 illustrates a cross-sectional structure of a conventional white LED lamp. As shown in Rgure 14. 

20 the lamp includes: a first leadframe 100A, which is provided with a reflective cup 100a at the end; and a second lead- 
frame 1 0OB, the end of which is spaced apart from that of the reflective cup 1 00a. A GaN LED 1 1 0 is bonded onto the 
bottom of the reflective cup 100a with an insulating adhesive 101. One of the electrodes of the GaN LED 110 is con- 
nected to the first leadframe 100 A with a first wire 102A, while the other electrode thereof is connected to the second 
leadframe 1008 wmh a second wire 1028. The reflective cup 100a is filled in with a wavelength-shifting resin medium 

2S 1 04. which contains a photofluorescent compound that shifts the wavelength of the radiation emitted from the GaN LED 
110. so as to cover the GaN LED 110. The upper ends of the first and second leadframes 100A and 1008, as well as 
the reflective cup 100a. are nwlded together within a spherical resin encapsulant 105 such as transparent epoxy resin 
to form the white LED lamp. 

[0005] Although not shown in any drawing, a chip LED may also be formed without using the reflective cup 1 00a or 
30 the spherical resin encapsulant 1 05. In the chip LED, the GaN LED 1 1 0 is mounted onto a concave receptacle within a 
casing and then the gap between the LED 1 1 0 and the receptacle is filled in with a resin encapsulant containing a pho- 
tofluorescent compound to secure them together. 

[0006] Next, a detailed construction of the knovm GaN LED 1 1 0 will be described. 

[0007] Rgures 15(a) and 15(b) illustrate the GaN LED for use in the conventional white LED lamp: Figure 15(a) 
3S illustrates a planar layout thereof; and Figure 15(b) illustrates a cross-sectional structure thereof taken along the line 
XVb-XVb in Rgure 1 5(a). As shown in Figure 1 5(b). the GaN LED 1 1 0 includes n-type GaN contact layer 112, quantum 
well structure and p-type GaN contact layer 116, which are stacked in this order over a sapphire substrate 111. The 
quantum well structure is formed on part of the upper surface of the n-type contact layer 1 1 2 and includes n-type AlGaN 
first ban-ier layer 113. InGaN single quantum well (SOW) layer 114 and p-type AlGaN second barrier layer 115. 
40 [0008] Also, as shown in Rgure 15(a). an n-side electrode 117 is formed on the exposed part of the upper surface 
of the n-type contact layer 1 12. A current-diffusing transparent electrode 1 18 is formed on the p-type contact layer 116. 
And a p-side electrode 1 1 9 is formed on the transparent electrode 1 18 to be k)cated f^est from the n-side electrode 
117. 

[0009] Since the conventional GaN LED 1 1 0 is formed on the insulating sapphire substrate 111. both the n- and p- 
4S side electrodes 1 1 7 and 1 19 are provided on the same side of the substrate 1 1 1 as that including the LED thereon. 
[0010] The conventional white LED lamp shown in Rgure 14 or the chip LED (not shown) covers the GaN LED 110 
by filling in the reflective cip 100a or the receptacle of the casing with the wavelength-shifting resin medium 104 con- 
taining the photofluorescent compound 103. Thus, the prior art construction is not appiicat)le to a light-emitting unit 
including no such reflective ctip 100a a receptacle. 
so [0011] Also, if the reflective cup 100a or receptacle should be fOled in with the wavelength-shifting resin medium 
104, it is difficult to precisely control the anwunt of the resin medium to be filled in or the variation in concentration of 
the photofluorescent compound 103. Thus, the chromatidty changes significantly. As a result, the yieM of good light- 
emitting units with a desired chromaticity decreases. 

[0012] Furthernmre. the GaN LED 110 included in the white LED lamp or chip LED is the same as that included in 
55 a blue LED lamp. The blue-light-emitting diode is poorly resistant to static electricity due to the physical constants (like 
the relative dielectric constant e ) of the constituent materials thereof or the structure thereof. 
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SUMMARY OF THE INVENTION 

[001 3] A first object of the present invention is getting a composite light-emitting device always covered with a wave- 
length-shifting resin medium in^espectlve the shapes of leadframes or casings. 
5 [0014] A second object of the present invention is improving the resistance of a composite light-emitting device or 
semiconductor light-emitting unit to an overvoltage caused by static electricity 

[001 5] A third object of the present invention is making the chromaticity of the emission finely adjustable while at 
the same time suppressing the variation in chromaticity. 

[001 6] To achieve the first object, an inventive composite light-emitting device includes a light-emitting element and 
10 a submount member. The light-emitting element with an active region defined on a transparent substrate is mounted 
facedown on the submount member with the active region of the light-emitting element facing the principal surface of 
the submount member. The submount member is electrically connected to the light-emitting element. And the light- 
emitting element Is covered with a wavelength-shifting resin medium on the principal surface of the submount member. 
[0017] To accomplish the second object, the submount member is implemented as an overvoltage protector. 
IS [0018] To attain the third object, the light-emitting face of the substrate for the light-emitting element on the opposite 
side to its circuitry side and/or the outer surface of the wavelength-shifting resin medium above the light-emitting face 
are/is made parallel to the back surface of the submount memt^er. 

[0019] Specifically, a composite light-emitting device according to the present invention includes a light-emitting 
element including a transparent substrate and a multilayer structure formed on the substrate. The multilayer structure 

20 includes first and second semiconductor layers of first and second conductivity types, respectively. The device further 
includes a sutHnount member for mounting the light-emitting element thereon. The principal surface of the submount 
member faces the multilayer structure. The submount member is electrically connected to the light-»nitting element. 
The device further includes a wavelength-shifting resin member, which is provided on the principal surface of the sub- 
mount member to cover the light-emitting element. The wavelength-shifting resin member contains a photofluorescent 

25 or filtering compound. The photofluorescent compound shifts the wavelength of radiation that has been emitted from 
the light-emitting element. The filtering compound partially absortss the radiation. 

[0020] In the composite light-emitting device according to the present invention, the multilayer structure of the light- 
emitting element, which functions as active region of tiie element, is flip-chip bonded to the principal surface of the sub- 
mount member. And ttie radiation emitted is allowed to pass through the backside of the substrate for ttie light-emitting 

30 element. Accordingly, the submount member, on which the light-emitting element is mounted, supports the wavelength- 
shifting resin member thereon, or acts as a receptacle for the resin member. Thus, the light-emitting element can be 
covered with tiie wavelength-shifting resin member irrespective of the shape of a leadframe or a mount of a casing. 
[0021] In one embodiment of the present invention, the principal surface of ttie submount member is preferably 
greater in area than ttiat of ttie substrate for tfie light-emitting element and is preferably rectangular with a side of about 

35 0.25 mm or more. 

[0022] In anottier embodiment, the light-emitting element preferably includes: a first electrode formed on the multi- 
layer structure and electrically connected to the first semioonductor layer; and a second electrode electi'ically connected 
to tiie second semiconductor layer. The submount member is preferably an overvoltage protector including first and 
second counter electrodes, which are formed on ttie principal surface ttiereof so as to face ttie first and second elec- 
40 trodes of the light-emitting element, respectively. When a voltage, which is lower ttian a dielectric breakdown voltage 
but exceeds a predetermined voltage, is applied between ttie first and second electrodes of ttie light-emitting element, 
a current preferably flows between ttie first and second counter electrodes. 

[0023] In such an embodiment, even if a voltage equal to or higher ttian a dielectric breakdown voltage is applied 
between ttie first and second electrodes of ttie light-emitting element due to static electricity, for example, a bypass cur- 
45 rent flows between ttie two electrodes of ttie overvoltage protector. As a result, the light-emitting element can be pro- 
tected without causing any dielectric breakdown. 

[0024] In this particular embodiment, ttie first and second electrodes of tiie light-emitting element are preferably n- 
and p-side electrodes, respectively, and ttie overvoltage protector is preferably a diode using ttie first and second coun- 
ter electrodes as anode and cathode, respectively. 
so [0025] More specifically, a fonward operating voltage of ttie diode is preferably lower than a reverse dielectric break- 
down voltage of the light-emitting element. And a reverse breakdown voltage of the diode is preferably higher than an 
operating voltage of ttie light-emitting element but tower than a fonward dielectric breakdown voltage of ttie light-emitting 
element. 

[0026] In an alternate embodiment, ttie first and second electrodes are preferably connected electa-ically to ttie first 
55 and second counter electrodes, respectively, witii microtxjmps interposed ttierebetween. 

[0027] Specifically, the miaobumps are preferably fused and bonded togettier witti ttie associated electrodes facing 
the bumps. The overvoltage protector preferably includes a backside electrode on anottier surfcice thereof opposite to 
the principal surface. One of the first and second counter electrodes preferably includes a bonding pad to be electrically 
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connected to an external component And the polarity of the backside electrode is preferably opposite to that of the first 
or second counter electrode that includes the bonding pad. 

[0028] More particularly, the first and second semiconductor layers of the light-emitting element are preferably 
made of Group lit nitride compound semiconductors, and the overvoltage protector is preferably a lateral diode made 

5 of silicon. P-and n-type semiconductor regions are defined in an upper part thereof closer to the principal surface. 
[0029] In another embodiment of the present invention, the light-emitting element may include: a first electrode 
formed on the ntuttilayer structure and electrically connected to the first semiconductor layer; and a second electrode 
electrically connected to the second semiconductor layer. The submount member may be an auxiliary member made 
of a conductor. The submount member may include: a first counter electrode, which is formed on the principal surface 

10 thereof so as to face the first electrode of the light-emitting element and is electrically isolated from the conductor; and 
a second counter electrode, which Is formed on the principal surface tiiereof so as to face the second electrode of the 
tight-emitting element and is electrically continuous with the conductor. 

[0030] In this particular embodiment, the first and second electrodes are preferably connected electrically to the 
first and second counter electrodes, respectively, with microbumps interposed tiierebetween. 

IS [0031 ] Specifically, the microbumps are preferably fused and bonded together with the associated electrodes facing 
the bumps. The auxiliary member preferably includes a backside electrode on another surface thereof opposite to the 
principal surges. One of the first and second counter electrodes preferably includes a bonding pad to be electrically 
connected to an external conponent. And the backside electrode is preferably continuous eteckrically with the first or 
second counter electrode that includes no bonding pads. 

20 [0032] More particularly, the first and second semiconductor layers of the light-emitting element are preferably 
made of Group til nitride compound semiconductors, and the auxiliary member is preferably made of conductive silicon. 
[0033] In still another embodiment, the wavelength-shifting resin member is preferably made of a transparent resin 
containing the photofluorescent compound at about 50 to about 90 percent by weight 

[0034] In this particular embodiment, a light-emitting surface of the substrate for the light-emitting element on the 
25 opposite side to anotiier surface thereof on which the multilayer structure is formed and/or an outer surface of part of 
the wavelength-shifting resin member above the light-emitting surface are/is preferably substantially parallel to a sur- 
face of ttie submount member on which the backside electrode is formed. This is because the variation in chromaticity 
of the emitted radiation, which usually greatiy depends on the thickness of that part of the wavelength-shifting resin 
memt>er above the light-emitting surface of the light-emitting element, can be suppressed by doing so. 
30 [0035] Specifically, the thickness of the part of the wavelength-shifting resin member above the light-emitting sur- 
face is preferably in a range from approximately 20 ^m to approximately 110 ^m. botii inclusive. 
[0036] Alternatively, the thickness of a part of tiie wavelength-shifting resin member covering the light-emitting sur- 
face and sides of the light-emitting element is preferably in the range from approximately 20 \im to approximately 1 10 
^m, both Inclusive. 

35 [0037] A semiconductor tight-emitting unit according to the present invention includes: a composite light-emitting 
device including a light-emitting element and a submount member for nrx>unting the light-emitting element thereon; a 
leadf rame or wiring board including a mount for supporting a surface of the submount member on flie opposite side to 
the principal surface tiiereof on which the light-emitting element is mounted; and a transparent resin encapsulant cov- 
ering the mount as well as tiie composite light-emitting device. The light-emitting element includes a transparent sub- 

40 sti-ate and a multilayer structure formed on ttie substrate. The multilayer structure includes first and second 
semiconductor layers of first and second conductivity types, respectively The principal surface of the submount mem- 
ber faces the multilayer structure. The submount member is electrically connected to the light-emitting element And tiie 
light-emitting element is covered with a wavelengtti-shifting resin member, which is provided on the principal surface of 
the submount menrt)er and contains a photofluorescent or filtering compound. The photofluorescent compound shifts 

45 the wavelength of radiation that has been emitted from the light-emitting element. The filtering conrpound partially 
absorbs tiie radiation. 

[0038] An Inventive semiconductor light-emitting unit can be formed easily to include the composite light-emitting 
device of the present invention. 

[0039] In one emtxxJiment of tiie present invention, the submount member preferably includes a bonding pad, 
so which is formed on tiie prindpal surface tiiereof and electrically connected to the light-emitting element. The submount 
member preferably further includes a backside electrode, which is formed on anotiier surface tiiereof opposite to the 
principal surface on which tiie light-emitting element is mounted. The backside electrode and the mount are preferably 
bonded togetiier with a conductive paste. And ttie bonding pad is preferably connected electrically to a member other 
than the mount via a wire. 

55 [0040] A first exemplary mettiod for fabricating a semiconductor light-emitting unit according to ttie present inven- 
tion includes the step of maMng a light-emitting element by forming a multilayer structure on a transparent substrate and 
forming electrodes on the multilayer structure. The multilayer structure includes first and second semiconductor layers 
of first and second conductivity types, respectively. The method further includes tiie step of making a subnrx)unt menn- 
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ber including counter electrodes on the principal suilace thereof. The counter electrodes face the electrodes of the light- 
emitting element. The method further includes the steps of: forming microbumps on the electrodes or on the counter 
electrodes; mounting the light-emitting element facedown on the principal surface of the submount member such that 
the multilayer structure faces the principal surface and that the electrodes of the light-emitting element are electrically 
5 connected to the counter electrodes via the microbumps; and coating the light-emitting element with a wavelength-shift- 
ing resin medium that will be supported on the principal surface of the submount member when cured. The wavelength- 
shifting resin medium contains a photofluorescent or filtering compound. The photofluorescent compound shifts the 
wavelength of radiation that has been emitted from the light-emitting element. The filtering compound absorbs the radi- 
ation partially. 

10 [0041 ] According to the first method of the present invention, the inventive semiconducta light-emitting unit can be 
fabricated just as intended. 

[0042] A second ei^mplary method for l^ricating a semiconductor light-emitting unit according to the present 
invention includes the step of a) making multiple light-emitting elements by forming a multilayer structure on each of a 
plurality of transparent substrates and forming electirodes on the multi-layer structure. The multilayer sti-ucture includes 

IS first and second semiconductor layers of first and second conductivity types, respectively. The method further includes 
the step of b) making multiple submount members on a wafer. Each said submount member includes: a bonding pad 
on the principal surface thereof; counter electrodes that fece the electrodes of associated one of the light-emitting ele- 
ments; and a backside electrode on another surface thereof opposite to the principal surface. The mettiod further 
includes the steps of: c) forming microtxjmps on the electrodes or on the counter electrodes by a stud bump forming or 

20 plating technique; d) bringing tiie electi-odes of each said light-entitting element into contact witii the counter electrodes 
of associated one of the submount members via the microbumps and fusing the microtximps by applying ultrasonk: 
waves or heat thereto such that the microbumps and tiie associated electrodes are bonded together, thereby electri- 
cally connecting tiie light-emitting elements to the associated submount members and bonding tiie light-emitting ele- 
ments onto the respective principal surfaces of ttie sub-mount members; and e) coating each sakJ light-emitting 

25 element with a wavelengtii-shlfting resin medium that will be supported on tiie principal surface of the associated sub- 
mount member and then curing the wavelength-shifting resin medium, thereby obtaining a plurality of composite light- 
emitting devices, each including one of tiie light-emitting elements and associated one of tiie submount meiTt}eis. The 
wavelength-shifting resin medium contains a photofluorescent or filtering compound. The photofluorescent compound 
shifts the wavelength of radiation tiiat has been emitted from the light-emitting element and the filtering corrpound 

30 absortjs the radiation partially. The method further includes the steps of: f) dicing the wafer, on which the composite 
light-emitting devices have been formed, into multiple chips; g) securing each saki composite light-emitting device, 
which is included on one of the chips, onto a nx>unt of a leadframe or a wiring board such ttiat the backskie electrode 
of tiie submount member thereof is bonded to the mount via a conductive paste; and h) connecting tiie bonding pad of 
each saki submount member to tiie associated leadframe or wiring board with a wire. 

3S [0043] According to the second method of the present invention, the submount members, which will support ttie 
wavelength-shifting resin member thereon, are handled before tiiese members are cut out from the wafer. Thus, tiie 
wavelength-shifting resin medium can be supplied not just by using a cfispenser but by some patterning technic^e for a 
wafer. e.g.. screen printing. Accordingly, the resin medium can be shaped accurately and efficiently. 
[0044] In one embodiment of the present invention, the second metiiod may further include, between the steps d) 

40 and e). ttie step of polishing a light-emitting surface of ttie substrate for each sakJ light-emitting element on the opposite 
skJe to another surface thereof on which the multilayer structure is formed such that the light-emitting surface becomes 
substantially parallel to a surface of tiie associated submount member on which the backside electrode is formed. 
[0045] In an alternate embodiment, the second method may further include, between the steps e) and f). the step 
of polishing an outer surface of part of tiie wavelengtii-shifting resin medium above each sakJ light-emitting element 

45 such tiiat the outer surface becomes substantially parallel to ttie surface of the associated submount member on whrch 
the backside electrode is formed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

so [0046] 

Rgures 1 (a) and 1 (b) are respectively cross-sectional and plan views illustrating a composite light-emitting devk:e 
according to a first embodiment of the present inventk)n. 

Rgure 2 is an equivalent drcuit diagram illustrating a protective function of ttie composite light-emitting device 
55 according to the first embodiment. 

Figures 3(a) and 3(b) are respectively a plan view and cross-sectional view, which is taken along ttie line lllb-lllb 
in Figure 3(a). illustrating a light-emitting diode according to ttie first embodiment. 

Figures 4(a) and 4(b) are respectively a plan view and aoss-sectional view, which is taken ak>ng ttie line IVb-IVb 
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in Figure 4(a), illustrating a submount member according to the first embodiment. 

Figure 5 is a aoss-sectional view illustrating a composite light-emitting device according to a modified example of 
the first embodiment. 

Figure 6 is a plan view illustrating a submount member according to the modified example of the first embodiment. 
5 Figures 7(a) and 7(b) are cross-sectional views illustrating two exemplary composite light-emitting devices accord- 
ing to a second embodiment of the present invention. 

Figure 8 is a cross-sectional view illustrating a semioonductor light-emitting unit according to a third embodiment of 
the present invention. 

Figure 9 is a cross-sectional view illustrating a semiconductor light-emitting unit according to a modified example 

10 of the third embodiment. 

Figures 10(a) through 11(b) are cross-sectional views illustrating respective process steps for fabricating a semi- 
conductor light-emitting unit according to a fourth embodiment of the present invention. 
Figures 12(a) through 13(c) are cross-sectional views illustrating respective process steps for fabricating a semi- 
conductor light-emitting unit according to a fifth embodiment of the present invention. 

IS Figure 14 is a aoss-sectional view illustrating a prior art white LED lamp. 

Rgures 15(a) and 15(b) are respectively a plan view and cross-sectional view, which is taken along the line XVb- 
XVb in Figure 15(a). illustrating a prior art light-emitting diode. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

20 

EMBODIMENT 1 

[0047] Hereinafter, a first exemplary embodiment of the present invention will be described with reference to the 
accompanying drawings. 

25 [0048] Rgures 1 (a) and 1 (b) respectively illustrate a cross-section and a planar layout of a composite light-emitting 
device according to the first embodiment. As shown in Figure 1 (a), the composite light-emitting device includes a Group 
III nitride (e.g.. QaN) LED 1 , which is flip-chip bonded onto the principal surface of a diode 2 functioning as submount 
member. The entire surface of the LED 1 and part of the principal surface of the diode 2 are coated with a wavelength- 
shifting resin medium 3. The wavelength-shifting resin medium 3 contains, as an additive, a photofluorescent com- 

30 pound that shifts the wavelength of radiation emitted from the LED 1 or a filtering compound that absort)S the radiation 
partially 

[0049] The LED 1 includes a transparent sapphire substrate 10. In this case, the radiation emitted is allowed to 
pass through the upper surface (i.e., light-emitting surface) of the substrate 10 on the opposite side to another surface 
(i.e., lower surface) thereof facing the diode 2. On the lower surface of the substrate 1 0, n- and p-side electrodes 1 7 and 

35 18. which are respectively connected to n- and p-type semiconductor layers of the LED 1 , are formed. 

[0050] The diode 2 includes a body 20 made of silicon (Si), for example. A p-type semiconductor region 20a is 
defined in the upper part of the body 20 under its exposed region and its region facing the n-side electrode 17 of the 
LED 1 . The remaining portion of the body 20 is an n-type semiconductor region 20b. A p-side counter electrode 21 O e.. 
first counter electrode) is formed on part of the principal surface of the body 20 over the p-type semioonductor region 

40 20a. An n-side counter electrode 22 (i.e.. second counter electrode) is formed on another part of the principal surface 
of the body 20 over the n-type semiconductor region 20b. An insulating film 23 of silicon dioxide, for example, is also 
formed on the principal surface of the body 20 so as to sun-ound the p- and n-side counter electrodes 21 and 22. A 
backside electrode 24 is further formed on the back surface of the body 20. i.e., on the opposite side to the principal 
surface thereof, and is connected to the n-type semiconductor region 20b. 

45 [0051] The n- and p-s'ide electrodes 17 and 18 of the LED 1 are electrically connected to the p- and n-side counter 
electrodes 21 and 22 of the diode 2. respectively by being bonded together with fused miaobumps 25 of gold (Au). The 
diameter and height of each of these microt)umps 25 are about 1 GO ^m and at>out 1 5 ^m, respectively 
[0052] The exposed part of the p-skJe counter electrode 21 functions as a bonding pad 21a. Electrical continurty 
may be established between the diode 2 and an external component using the bonding pad 21 a and the backside elec- 

so trode 24. 

[0053] The LED 1 and the diode 2 are preferably coated with the wavelength-shifting resin medium 3 by a screen 
printing process, because the wavelength-shifting resin medium 3 is patternable according to the technique. Alterna- 
tively a potting process with a dispenser may be adopted. In such a case, however, one side of the dkxJe chip 2 should 
preferably be tonger than the diagonal of the LED chip 1 such that the wavelength-shifting resin medium 3 does not flow 
55 over the prindpal surface of the diode 2. 

[0054] As can be seen, the composite light-emitting device according to the present invention is characterized by 
flip-chip bonding the blue-light-emitting diode 1 . which is made of a Group III nitride poorly resistant to cvervoltage. onto 
the protective diode 2 with the microbumps 25 interposed therebetween. The light-emitting device is also characterized 
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by partially coating the principal surlace of the diode 2 with the wavelength-shifting resin medium 3 such that the 
medium 3 will be received and supported on the surface when cured. Thus, the LED 1 can always be covered with the 
wavelength-shifting resin medium 3 irrespective of the shape of a leadframe for an LED lanrp or a wiring board for a chip 
LED. That is to say, no reflective cup or no mounting receptacle needs to be Included In assembling members of a light- 
5 emitting unit. 

[0055] In general, to change the blue light emitted from the LED 1 into white one using the wavelength-shifting resin 
medium 3, a photof luorescent compound with a property changing blue emission into yellowish green one. which is the 
complementary color of blue, should be added to the wavelength-shifting resin medium 3. In such a case, part of the 
blue light emitted passes through the wavelength-shifting resin medium 3 as it is, while another part of the blue light is 
10 changed into the complementary color light due to the existence of the photofluorescent compound. And these colors 
are mixed together outside to produce non-colored light perceptible as white. 

[0056] The radiation emitted from the LED 1 passes through the upper surface of the sapphire substrate 10. 
Accordingly, the current-diffusing transparent electrode 1 18, which is needed in the prior art LED 110, is no longer nec- 
essary for the p-side electrode 18 of the LED 1 . The p-slde electrode 18 is only required to be relatively thick for the 
IS cunent diffusion purposes. 

[0057] Next, the overvoftage protective function of the composite light-emitting device according to the present 
invention will be descrlt>ed. 

[0058] Dielectric breakdown happens in the prior art white LED lamp of GaN at a fonward static voltage of about 
100 V or at a reverse static voltage of about 30 V when electric discharge Is caused between the lamp and a charged 
20 capacitor facing each other. These static voltages are much lower than those of a long-wavelength-oscillating LED 
made of any other bulk compound semiconductor such as QaP or GaAIAs. Thus, dielectric breakdown is far more likely 
to happen in such an LED lamp if no overvoftage protective function is provkJed therefor to prevent the external appli- 
cation of static electricity. 

[0059] As can be seen from Figure 1 (a), the diode 2 with the protective function and the LED 1 are connected in 
25 the reverse direction and in parallel to each other. Figure 2 represents that connection as an equivalent circuit diagram. 
As shown in Figure 2. the electrodes of mutually opposite polarities are connected together between the LED 1 and 
diode 2. thereby preventing an overvoltage from being applied to the LED 1 extemally. That is to say. the negative elec- 
trode of the LED 1 is connected to the positive one of the diode 2 and vice versa. Also, a resistive component produced 
by the n-type substrate of the diode 2 is added in series to the positive electrode of the LED 1 so as to function as a 
30 protective resistor R although its resistance is very low. 

[0060] In such a circuit configuration, if a reverse bias voltage Is applied to the LED 1 . then the voltage Is fbnAfard- 
biased for the diode 2 functioning as the overvoltage protector. That is to say. the cun-ent flows more easily through the 
diode 2. thus protecting the LED 1. Alternatively, if a fonward bias voltage is applied to the LED 1. then the voltage is 
reverse-biased for the diode 2. That is to say, the current flows more easily through the LED 1 this time, thus emitting 
3S the radiation with much more certainty. In this manner, both the protective and radiative functions are attained just as 
intended. 

[0061 ] in the illustrated embodiment, since the fonvard operating voltage of the diode 2 Is about 0.9 V. the reverse 
bias voltage applied to the LED 1 is cut off at 0.9 V. Also, since the reverse breakdown voltage (i.e.. Zener voltage) of 
the diode 2 can be set at around 10 V. the LED 1 can also be protected using the protective resistor R and the Zener 
40 voltage even when a fonward bias voltage Is applied thereto. The forward and reverse dielectric breakdown voltages of 
the LED 1 are about 1 00 V and about 30 V. Thus, such a configuration can prevent the LED 1 from being destroyed due 
to the application of an overvoltage due to static electricity, for example. 

[0062] Suppose Vfl and Vbl represent the fonvard and reverse dielectric breakdown voltages of the LED 1 , Vf2 
and Vb2 represent the formtxi operating voltage and reverse breakdown voltage of the diode 2 and VF represents the 
45 operating voHage of the LED 1 . respectively. According to this notation, the following inequalities shouM be met to avoid 
the destructive breakdown: 

Vf2<Vb1 

so VF < Vb2 < Vf 1 

[0063] Hereinafter, a detailed structure of the LED according to the first embodiment will be described with refer- 
ence to the accompanying drawings. 

[0064] Figures 3(a) and 3(b) respectively illustrate a planar layout and a cross-section taken along the line llib>lllb 
ss In Rgure 3(a) of the LED according to the first embodiment. As shown in Rgure 3(b), an AIN buffer lay©' 1 1 and an n- 
type GaN contact layer 12 are deposited in this order on a sapphire substrate 10. On part of the upper surface of the n- 
type contact layer 12, an n-type AlGaN first cladding layo' 13. a multiple quantum well (MOW) structure 14. a p-type 
AIGaN second cladding layer 15 and a p-type GaN contact layer 16 are stacked in this order one upon the other. The 
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MQW structure 14 is toned by stacking a multiplicity of quantum well layers, each consisting of an undcped InGaN well 
layer and an undoped QaN barrier layer. 

[0065] As shown in Figure 3(a). an n-side electrode 17 containing aluminum (Al) is toned on an exposed part of the 
upper surface of the n-type contact layer 12 at a corner. In addition, a p-side electrode 18 containing silver (Ag), titanium 
5 (TO and gold (Au) is formed on the p-type contact layer 1 6 without providing any current-diffusing transparent electrode 
thereon. 

[0066] The LED 1 according to tNs embodiment Is substantially square on its planar layout. Each side of the square 
is about 0.3 mm long. It should be noted that each side of the squared LED 1 should preferably be 0.18 mm or more. 
This is because it would be difficult to shape an LED wHh a size of less than 0.18 mm into a chip form and because tiie 
10 reliability of the light-emitting diode deteriorates In such a small size. 

[0067] Next, a detailed structure of tiie diode 2 according to the first embodiment will be described with reference 
to the accompanying drawings. 

[0068] Rgures 4(a) and 4(b) respectively illustrate a planar layout and a cross-section taken along the line IVb-IVb 
in Figure 4(a) of the diode 2 functioning as a submount member according to the first embodiment. As shown in Rgure 
IS 4(b). the diode 2 includes the p-type semiconductor region 20a in the upper part of the n-type silicon body 20. The 
region 20a has been doped with p-type dopant ions such as boron Ions to set the reverse breakdown voltage at around 
10 V. 

[0069] On the upper surface of the body 20. the p-side counter electrode 21 of Al is formed over, and connected to. 
the p-type semiconductor region 20a. and the n-side counter electrode 22 of Al is formed over the n-type semiconductor 
20 region 20b. The n-side counter electrode 22 is connected to ttie n-type semiconductor region 20b but is separated from 
the p-side counter electrode 21 via the insulating film 23. On the back surfece of the body 20 on tiie opposite side to 
tiie upper surfece thereof where the counter electrodes are located, the backside electrode 24 containing antimony 
(Sb). nickel (Ni) or gold (Au) is formed. The backside electrode 24 may be electrically connected to an external lead, for 
example. 

2s [0070] In tiie illustrated embodiment the size of the diode 2 is about 0.4 mm by about 0.6 mm in its planar layout 
It should be noted that each side of the rectangular diode 2 as the submount member is preferably about 0.25 mm or 
more. This is because tiie diode 2 of such a size can function as a support (or receptacle) for tiie wavelength-shifting 
resin medium 3 most suitably. More preferably, when ttie LED 1 is about 0.28 mm x about 0.28 mm square, the diode 
2 should be in ttie shape of a rectangle, at least one side of which is equal to or longer than the diagonal of the square. 

30 i.e.. 0.40 mm or more. 

[0071 ] The light-emitting device according to this embodiment includes tiie subnrx>unt member 2 for supporting ttie 
LED 1 and wavelengtti-shifting resin member 3 thereon. Thus, a highly reliable light-emitting device witti a protective 
function against an overvoltage due to static electricity can be obtained witti ttie LED 1 always covered witti ttie wave- 
length-shifting resin member 3, no matter whether ttie reflective cup is provided or how the mount of ttie casing is 
35 shaped. 

[0072] Another feature of ttiis embodiment is ttiat the LED 1 is flip-chip bonded onto the principal surfece of ttie 
diode 2 via the microbumps 25. In ottier words, a relatively wide bonding pad region, which is needed for electrically 
connecting the LED 1 to the diode 2 using wires, is not necessary. Thus, ttie composite light-emitting device of a size 
smaller than ordinary ones can be obtained. Moreover, the area of ttie n-side electrode 17, which does not contiibute 
40 to tfie emission of radiation from ttie LED 1 . can be relatively small as shown in Figure 3(a). Accordingly, ttie chip can 
be downsized wittiout cutting down the desired emission area. 

[0073] Furthernwre. ttie LED substrate 10 is made of transparent sapphire and ttie emission is allowed to pass 
ttirough the substrate side. Thus, conpared to ttie prior art LED 110 where ttie emission is sipposed to pass ttirough 
its circuitry side, a higher luminous efficiency is attainable because ttie emission is not blocked by ttie electi^odes. 
45 Accordingly, by adopting the flip-chip bonding technique using the microbumps 25, the chip area of the composite light- 
emitting device, which is made of relatively expensive compound semiconductors, can be reduced. As a result, a higher 
luminous efficiency is attainable at a reduced cost. 

[0074] Furthermore, the device can dissqsate heat more efficientiy. In ttie prior art LED lamp shown in Figure 14. 
ttie heat generated from the LED 110 is radiated ttirough ttie mvelength-shifting resin member 104. first and second 

so Au wires 102A, 102B and sapphire substrate. However, ttie thermal conductivities of ttie wavelengtti-shifting resin 
member 104 and sapphire substrate are low. Likewise, although ttie thermal conductivity of ttie wires 102A and 102B 
is high, these wires cannot dissipate heat satisfactorily, because the diameter ttiereof (in ttie range from 25 to 30 )im) 
is much smaller ttian ttie size of ttie LED 110. Alsa since ttiese wires 1 02A. 1 02B are tar longer ttian the LED 1 1 0. ttie 
heat must be trarremitted over a much longer distance. Thus, the heat generated during ttie operation of the lamp is 

55 unintentionally stored in ttie wavelengtti-shifting resin member 104. ttiereby getting ttie wavelengtti-shifting resin mem- 
ber 1 04 and surrounding portions ttiereof discolored. As a result the luminous efficiency and ttie brightness of ttie lamp 
both decrease. 

[0075] In contrast according to this embodiment ttie heat generated from ttie LED 1 is dissipated to an external 
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member through the n- and p-side electrodes 17. 18. the microbumps 25 with a diameter of about 100 and a height 
of about 15 )im and then the Si diode 2 with a thermal conductivity Ngh enough to be usable as a heat sink. Thus, the 
device of this embodiment can dissipate the heat very efficiently, and therefore the discoloration of the wavelength-shift- 
ing resin menrtber 3. which usually deaeases the brightness, is avoidable. As a result, such a device ensures long-term 
5 reliability. 

[0076] In the foregoing embodiment, the lateral diode 2 is used as an exemplary overvoltage protector. Alterna- 
tively, any of various other diodes including vertical pn diode, pin diode, Schottky-barrier diode, Zener diode, tunnel 
diode and gunn diode is also applicable. 

[0077] Optionally, a gunn diode utilizing the gunn effect of compound semiconductors may be formed on the sub- 
10 strata 10 of the LED 1. 

[0078] Furthermore, a field effect transistor with its threshold voltage set higher than the operating voltage of the 
light-emitting diode but lower than the fonward and reverse dielectric breakdown verges thereof may also be provided 
as the overvoltage protector. 

IS Modified Example of Embodiment 1 

[0079] Hereinafter, a modified example of the first embodiment will be described with reference to the accompany- 
ing drawings. 

[0080] Figure 5 illustrates a cross-sectional structure of a composite light-emitting device according to a modified 
20 example of the first embodiment. Figure 6 Illustrates a planar layout off an auxiliary member implemented as a submount 
member according to this modified example. In Figure 5. the same members as those illustrated in Figure 1(a) will be 
identified by the same reference numerals and the description thereof will be omitted herein. 
[0081 ] In this nxxiif led example, the LED 1 is supported over the auxiliary member 4 with no protective function, not 
the diode 2 as a submount member for the LED 1 . with the microbunps 25 interposed therebetween as shown in Figure 
2S 5. For example, if the LED substrate 1 0 is made of transparent silicon carbide (SiC) instead of sapphire, then the aux- 
iliary member 4 with a s\rrp\e configuration is applicable, because the LED with such a substrate is highly resistant to 
static electricity. 

[0082] As shown in Figure 6, the auxiliary member 4 includes first and second counter electrodes 42 and 43 over 
the principal surface of a substrate 40 made of conductive silicon. The first counter electrode 42 is formed over, and 

30 electrically isolated from, the substrate 40 with an insulating film 41 of silicon dioxide, for example, interposed therebe- 
tween. On the other hand, the second counter electrode 43 is electrically continuous with the substrate 40. As in the 
first enixxJiment the exposed part of the first counter electrode 42 serves as a boncfing pad 42a. In addition, a backside 
electrode 44 is formed on another surface of the substrate 40 on the opposite skJe to its principal surface and is elec- 
trically continuous with the second counter electrode 43. 

35 [0083] As can be seen from Figure 5, the first counter electrode 42 faces and is connected to the n-side electrode 
17 of the LED 1 , while the second counter electrode 43 faces and is connected to the p-side electrode 18 of the LED 1 . 
In this modified example, the size of the auxiliary member 4 is about 0.4 mm by about 0.6 mm in its planar layout. It 
shoukJ be noted that since the si^strate 40 has no polarity, the electrodes 1 7 and 18 may be connected to the counter 
electrodes 43 and 42, respectively 

40 [0084] Since the composite light-emitting device according to this modified example is provided with the auxiliary 
member 4 including the conductive substrate 40, the following effects are attainable. 

[0085] Specifically, the submount member is provided for supporting the LED 1 and wavelength-shifting resin mem- 
ber 3, which are indispensable for a composite light-emitting device. Thus, the composite light-emitting device can be 
mounted onto a semiconductor light-emitting unit easily and just as intended irrespective of the shape of the mount pro- 

45 vided for the light-emitting unit. 

[0086] In addition, the LED 1 is flip-chip bonded onto the prindpai surface of the auxiliary menft>er 4. which func- 
tions as the 8ubnfK)unt member, via the microbumps 25. Thus, the composite light-emitting device of a size smaller than 
ordinary ones can be obtained. Furthermore, the emission of the LED 1 is allowed to pass through the transparent sub- 
strate 10. Thus, a higher luminous efficiency Is attainable while cutting down the chip cost. Furthermore, the heat gen- 

50 erated from the LED 1 can be dissipated very efficiency through the auxiliary member 4 to an external member, thus 
preventing a deaease in brightness. 

[0087] In the first emtxxiiment and its modified example, the Group III nitride LED 1 1s used as an exemplary light- 
emitting element Alternatively, a surfece-emitting laser diode is also applicable. Or the composite light-emitting device 
may include a longer-wavelength-oscillating light-entitting dkxJe or laser diode containing a Group III arsenkJe such as 
55 GaAs. 
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EMBODIMENT 2 

[0088] Hereinafter, a second exenplary embodimem of the present invention will be described with reference to the 
accompanying drawings. 

5 [0089] Figures 7(a) and 7(b) illustrate cross-sectional structures of two exemplary composite light-emitting devices 
accading to the second embodiment. In Figures 7(a) and 7(b). the same members as those of the composite light-emit- 
ting device according to the first embodiment illustrated in Figure 1 (a) will be identified by the same reference numerals. 
In the device shown in Rgure 7(a), a surface 20c of the diode 2 as a submount member, which is opposite to another 
surface thereof facing the LED 1 . i.e., the surface on which the backside electrode is formed, is substantially parallel to 

10 the upper surface 3a of the wavelength-shifting resin member 3. In the device shown in Figure 7(b) on the other hand, 
the back surface 20c of the diode 2, the upper surface 10a of the LED substrate 10 and the upper surface 3a of the 
wavelength-shifting resin member 3 are all substantially parallel to each other. According to the second embodiment, 
the chromatlcity of the white light passing through the wavelength-shifting resin member 3 Is adjustable and the varia- 
tion in chromatlcity is suppressible. As the submount member, the diode 2 may be replaced with the auxiliary member 

IS 4 shown in Figure 5. 

[0090] As described above, the white emission is obtained as a mixture of the blue light that has passed through 
the wavelength-shifting resin member 3 as it is and the light that has been changed into the complementary color light 
due to the existence of the photof luorescent compound in the resin member 3. Accordingly, the chromatlcity of the white 
emission is determined primarily by the content of the photofluorescent compound and the thickness D of an upper part 
20 of the wavelength-shifting resin member 3. 

[0091] The present inventors analyzed the dependence of chromaticity coordinates (x. y) on the content of the pho- 
tofluorescent compound in the wavelength-shifting resin member 3 and on the thickness D using an LED 1 emitting blue 
light with a dominant wavelength of approximately 465 to 470 nm. The following Table 1 1llustrates the results of this 
analysis: 

25 
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[0092] In Table, the content of the photofluorescent compound is represented in percentages by weight and the 
40 thickness D is shown by micrometers, in this case, an epoxy resin compound was used as the transparent resin and (Y. 
Gd)3(AI, Ga)50i2: Ce was used as the photofluorescent compound. 

[0093] As can be seen from Table 1 . when the thickness D of the wavelength-shifting resin member 3 is in the range 
from 20 to 110 ^m and the content of the photofluorescent compound is in the range from 50 to 90 wt%. emission 
with a chromaticity approximate to that of white light (where xsO.25 to 0.40 and y=:0.25 to 0.40) can be obtained as Indi- 
es cated by the double line. Also, to obtain white light with chromaticity coordinates (x, y) o (0.28, 0.33) using a wavelength- 
shifting resin member 3 in which the photofluorescent compound is contained at 50 wt%, the thickness D of the upper 
part of the wave-length-shifting resin member 3 should be about 50 ^m. 

[0094] The wavelength-shifting resin member 3 can be precisely provided on the upper surface 1 0a of the LED sub- 
strate 1 0 at a unlfbnn thickness of about 50 ^m in the following manner. Specifically, the LED 1 may be bonded onto the 

so diode 2 included In a wafer such that the upper surface 10a of the LED substrate 10 becomes parallel to the back sur- 
face 20c of the diode 2. Then, the upper surface 10a of the LED substrate 10 may be coated with the wavelength-shift- 
ing resin medium 3 to the thickness of about 50 ^m by a screen printing technique, for example, such that the upper 
surface of the medium 3 becomes parallel to the upper surface 10a of the LED substrate 10. In this case, the upper sur- 
face of the diode 2 coukf be a reference plane. However, the back surface 20c is preferred, k}ecause there is some une- 

55 venness on the upper surface of the diode 2 due to the existence of the electrodes 21 and 22. 

[0095] The thickness D of that part of the wavelength-shifting resin member 3 above the sut)strate 1 0 may also be 
uniformized by coating the upper surface 1 0a with relatively thick wavelength-shifting resin medium 3 and then polishing 
and parallelizing the surface of the medium 3 with respect to the reference plane. In such a case, the chromaticity is 
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adjustable to an arbitrary value and the variation in thickness D of that part can be minimized among the diodes 2 on 
the wafer. 

[0096] In this case, rf the upper surface 10a of the LEO substrate 10 is antiparallel to the reference plane 20c as 
shown in Figure 7(a). then the thickness D defined between the center of the upper surface 10a of the LED substrate 
10 and the upper surface 3a of the wavelength-shifting resin member 3 may be set at the predetermined value of 50 
lim. Then, after the LED 1 has been bonded onto the diode 2 on the wafer, the upper surface 1 0a of the LED sid)strate 
10 may be polished to be parallel to the reference plane 20c as shown in Rgure 7(b). 

[0097] According to this embodiment, the upper surface 10a of the LED substrate 10 and/or the upper surface 3a 
of the wavelength-shifting resin member 3 provided on the substrate 10 are/is substantially parallel to the back surface 
20c of the diode 2 as a reference plane. Thus, the chromaticlty of white light is adjustable and the variation thereof is 
suppressible. 

[0098] It is noted that the thickness of another part of the wavelength-shifting resin member 3 covering the sides of 
the LED 1 should also be substantially uniform. The thickness is preferably in the range from 20 ^m to 1 10 ^m, both 
inclusive. In such a case, not only that part of the wavelength-shifting resin member 3 above the upper surface 10a of 
the LED substrate 10 but also another part thereof sunrounding the LED 1 can have their thicknesses optimized. As a 
result, good white emission can be obtained without causing any color unevenness. 

EMBODIMENTS 

[0099] Hereinafter, a third exemplary embodiment of the present invention will be described with reference to the 
accompanying drawings. 

[0100] Figure 8 illustrates a aoss-sectlonal structure of a semiconductor light-emitting unit according to the third 
embodiment, or a white LED lamp including the composite light-emitting device of the present invention. As shown in 
Figure 8. the white LED lamp according to the third embodiment includes first and second leadframes 60A and 60B. A 
reflective cup 60a with an opening at the top is provided for the first leadframe 60A at one end thereof. The top of the 
second leadframe 608 is spaced apart from the reflective cup 60a. The conposite light-emitting device 5 according to 
the first embodiment is bonded and electrically connected onto a die pad at the bottom of the reflective cup 60a with 
silver (Ag)-contalning paste 61 interposed between the backside electrode 24 of the diode 2 and the die pad. 
[0101] The bonding pad 21a of the p-slde counter electrode in the diode 2 of the composite light-emitting device 5 
is electrically connected to the second leadframe 60B with a gold (Au) wire 62. 

[0102] The ends of the first and second leadframes 60A and 60B. as well as the reflective cup 60a. are molded 
together within a resin encapsulant 63A. e.g.. transparent epoxy resin. The upper half of the resin encapsulant 63A is 
molded in a hemispherical shape. 

Modified Example of Embodiment 3 

[01 03] Hereinafter, a modified example of the third embodiment will be described with reference to the acconpany- 
ing drawings. 

[0104] Figure 9 illustrates a cross-sectional structure of a semiconductor light-emitting unit according to a modified 
example of the third embodiment, or a chip LED lamp Including the composite light-emitting device of the present inven- 
tion. As shown in Rgure 9. the chip LED lamp according to this modified example includes an insulating wiring board 
64 and the composite light-emitting device 5. On the suriiace of the wiring board 64. first and second interconnection 
lines 65A and 65B are fbnned selectively. The composite light-emitting device 5 is bonded and electrically connected 
onto a die pad of the first Interconnection line 65A on the wiring board 64 with the Ag-containing paste 61 interposed 
between the backside electrode 24 of the diode 2 and the die pad. 

[0105] The bonding pad 21a of the p-side counter electrode in the diode 2 of the composite light-emitting device 5 
is electrically connected to the second interconnection line 65B with the gold (Au) wire 62. 
[0106] A bonding region on the wiring board 64, covering the composite light-emitting device 5. wire 62 and sur- 
rounding regions thereof, are molded together within a resin encapsulant 63B. e.g.. transparent epoxy resin. The upper 
and side faces of the resin encapsulant 63B are planarized. 

[0107] Compared to the LED lamp including the hemispherical resin encapsulant 63A. the thickness T of the resin 
encapsulant 63B for the chip LED lamp, which is defined between the mount of the wiring board 64 and the upper sur- 
face of the resin encapsulant 63B. can be reduced. Since the LED lamp is thinned, the mount volume can also be 
smaller, thus advantageously contributing to downsizing of light-emttting units. 

[0108] Also, the light-emitting unit including the composite light-emitting device 5 of the pres^ invention is even 
thinner in size than the prior art chip LED lamp including a receptacle in its casing and filling in the receptacle with the 
wavelength-shifting resin medium. 

[0109] As desaibed above, the semiconductor light-emitting units according to the third embodiment and its mod- 
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jf ted example are applicable no matter whether or not the mount is provided or how the mount is shaped in a supporting 
merrtoet like the reflective cup 60a or the casing receptacle for the composite light-emitting device. In addition, since the 
diode 2 is provided as the submount member, overvoltage protective function is also attainable by the submount mem- 
ber. 

5 [01 1 0] In the third embodiment and its modified example, the auxiliary member 4 shown in Figure 5 may substitute 
as an alternative submount member tor the diode 2. 

EMBODIMENT 4 

10 [01 1 1 ] Hereinafter, a fourth exemplary embodiment of the present invention will be described with reference to the 
accompanying drawings. 

[01 1 2] Rgures 1 0(a) through 1 1 (b) illustrate aoss-sectional structures corresponding to respective process steps 
for fabricating a semiconductor light-emitting unit according to the fourth enrtaJiment. The light-emitting unit also 
includes the composite light*emitting device of the present invention. 

IS [0113] First, in tiie process step shown in Figure 10(a), a number of LED'S 1 shown in Figure 3(a) are fabricated. 
Each of the LED'S 1 is fabricated in the following manner. First, an AIN buffer layer 1 1 and an n-type GaN contact layer 
1 2 are deposited by an MOVPE process, for example, in this order on a sapphire wafer. Next, an n-type AIQaN first clad- 
ding layer 13. an MOW structure 14, a p-type AlGaN second dadding layer 15 and a p-type GaN contact layer 16 are 
stacked in this order on the n-type contact layer 12. The MOW structure 14 is formed by stacking a multiplicity of quan- 
go turn well layers, each consisting of an InGaN well layer and a GaN barrier layer. Then, parts of the n-type contact layer 
12 are selectively exposed by photolithography and dry etching techniques and n-side electrodes 17 containing alumi- 
num (AO are formed by an evaporation technique on the exposed parts of the n-type contact layer 12. Also, p-side elec- 
trodes 18 containing silver (Ag), titanium (Ti) and gold (Au) are formed on the p-type contact layer 16. Then, the 
backside of ttie wafer, which is opposite to its drcurtry side, is attached to an adhesive sheet 70 and the wafer is diced 

25 into multiple chips, ttiereby obtaining a plurality of LED's 1 . Thereafter, the adhesive sheet 70 is stretched with appro- 
priate tension applied thereto, thereby increasing the space between adjacent ones of the chips. This is done to get 
each chip easily adhered to, and then held (picked up) by, a jig in a subsequent bonding process step. 
[0114] In parallel with tiie process step of making the LED's 1 , diodes 2 are fabricated and the microbump 25 are 
formed on the diodes 2 as shown in Figure 10(b). Specifically, multiple p-type semiconductor regions 20a are defined 

30 in columns and rows by an ion Implantation technique wittiin an n-type silicon wafer 20A. Next, the p- and n-side counter 
electrodes 21 and 22 of aluntinum are formed by an evaporation technique, for example, on the prindpal surface of the 
wafer 20A. At the same time, the backside electrode 24 containing Sb, Nr or Au is formed on the other surfece of the 
wafer 20A opposite to the principal surtece. Thereafter, the microbumps 25 are formed by a stud bump forming tech- 
nique on the p- and n-side counter electrodes 21 and 22 on the wafer 20A. 

35 [01 1 5] Then, in the process step shown in Figure 1 0(c), the LED's 1 are placed over the diodes 2 such that the dr- 
cuitry side of each of these LED's 1 faces tiie principal surface of tiie wafer 20A. In this case, the backside of each LED 
substrate 1 0. whk:h is opposite to its drcuitry side, is held by a tx3nder 71 . Then, the n- and p-skie electrodes 17, 18 of 
each LED 1 are aligned with the p- and n-side counter electrodes 21 , 22 of the assodated diode 2 and these electrodes 
are brought into contact with the microbumps 25. Next, the miaobumps 25 are fused with heat, ultrasonk: waves and 

40 load applied thereto, thereby bonding and electrically connecting the corresponding electrodes of the LED's 1 and 
diodes 2 together. In this case, tiie tact (or cyde) time of this chip bonding process step, which includes recognition, 
transportation, alignment and bonding of the LED's 1 , can be about 3 seconds or less in total. The alignment accuracy 
should be about 15 ^m or less. As a result of this chip bonding process step, a gap of about 15 pm is fbrnied between 
the LED*s 1 and the diodes 2. Accordingly, almost no shortdrcult feilure happens between them. 

46 [01 1 6] Next, in the process step shown in Figure 1 0(d). the principal surface of the wafer 20A is coated with a wave- 
length-shifting resin medium 3 containing a photofluorescent compound to cover the LED's 1 and to leave bonding pad 
areas over the p-type semiconductor regions 20a. In tiiis manner, multiple composite light-emitting devices 5 are com- 
pleted. In this process step, a patternable method like screen printing is preferably adopted so as not to contaminate 
the bonding pads of tiie diodes 2 with the wavelength-shifting resin medium 3 as described alxyva 

so [0117] Subsequently, in the process step shown in Figure 11(a). tiie wafer 20A is attached to an adhesive sheet 
(not shown) and then diced into a plurality of chips, conesponding to respective composite light-emitting devices 5 
including tiie diode 2. using a dicer 72. 

[0118] Then, in the process step shown In Figure 11(b). each composite light-emitting device 5 is bonded and elec- 
trically connected to the first leadframe 60A with conductive paste interposed between the die pad of the first leadf rame 
55 60A and the backside electrode 24 of the diode 2. Thereafter, the bonding pad of tiie p-skle counter electrode 21 in the 
diode 2 of the composite light-emitting device 5 is electrically connected to the second leadframe SOB with the wire 62. 
Finally, ttie ends of the first and second leadframes 60A and 60B, as well as the composite light-emitting device 5, are 
molded togetiier wittiin ttie transparent epoxy resin encapsuiant 63A. 
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[0119] As can be seen, according to the present invention, the composite light-emitting device 5 itself includes a 
submount member (i.e.. the diode 2) for supporting the wavelength-shifting resin member 3 thereon. Thus, a white-light- 
emitting unit with overvoltage protective function can be obtained without depending on the shape of the supporting 
member on which the composite light-emitting device 5 is mounted. 
5 [0120] Also, a chip LED may be fbmied by replacing the first and second teadframes 60A and 60B with the insulat- 
ing wiring board 64 as shown in Figure 9. As the submount member for the LED 1 . the auxiliary merrtjer 4 may be used 
instead of the diode 2. 

[0121] The microbumps 25 may be formed on the p- and n-side electrodes of the LED 1 . 
[0122] In the foregoing embodiment, the stud bumps 25 are used as the microbumps. Alternatively, plated bumps 
10 may be formed by a plating technique. In such a case, the diameter of each microbump can be reduced, thus downsiz- 
ing the LED 1 and cutting down the fabrication cost thereof. In addition, compared to forming the stud bumps, the plated 
bumps can be formed at far more accurate positions. As a result, the assembly yield can be improved. 
[0123] The LED 1 may be replaced with a laser diode as an alternative light-emitting element. Also, the light-emit- 
ting element does not have to emit blue light using GaN. 

IS 

EMBODIMENTS 

[0124] Hereinafter, a fifth exenr^ary errtxxJiment of the present invention will be descrbed with reference to the 
accompanying drawings. 

20 [0125] Figures 12(a) through 13(c) illustrate cross-sectional staictures conespondtng to respective process steps 
for fabricating a semiconductor light-emitting unit according to the fifth embodiment. The semiconductor light-emitting 
unit also includes the composite light-emitting device of the present invention. 

[0126] According to the method of the fifth embodiment not only all the process steps of the fourth embodiment, 
but also an additional process step of unifbrmizing the thickness of the wavelength-shifting resin member 3 to adjust the 
25 chromaticity of white light and thereby suppress its variation are carried out. 

[0127] First, in the process step shown in Figure 12(a). multiple LED'S 1 are made in the form of chips as in the 
fourth embodiment. 

[0128] Next, in the process step shown in Rgure 12(b), multiple p-type semiconductor regions 20a are defined 
within an n-type silicon wafer 20A. Then, the p- and n-side counter electrodes 21 and 22 are formed on the principal 
30 surface of the wafer 20A. Subsequently, the backside electrode 24 is fbrmed on the other surface of the wafer 20A 
opposite to the principal surface. Thereafter, the miaobumps 25 are fbrmed by a stud bump forming or plating tech- 
nique on the p- and n-side counter electrodes 21 and 22 on the wafer 20A. 

[0129] Then, in the process step shown in Rgure 12(c). the n-and p-side electrodes 17, 18 of each LED 1 are 
aligned with the p- and n-side counter electrodes 21 , 22 of the associated diode 2 using the bonder 71 and these elec- 
ts trodes are brought into contact with the miaobumps 25. Next, the microbumps 25 are fused, thereby bonding the cor- 
responding electrodes of the LED's 1 and diodes 2 together and electrically and mechanically connecting the LED's 1 
and diodes 2 together. Generally speaking, in a chip bonding process step, it is very difficult to bond the LED chip 1 to 
the diode 2 such that the upper surface of the sapphire substrate for the LED 1 , through which the emission passes, 
becomes parallel to the back surface of the wafer on which the backside electrode is fbrmed. 
40 (01 30] Thus, in the process step shown in Figure 12(d). the respective upper surfaces of the LED substrates 1 0 are 
polished using a polisher 73 such that the upper surface of each substrate 1 0 becomes substantially parallel to the back 
surface of the wafer 20A. In this process step^ the gap between the wafer 20A and the LED*S 1 shouM preferably be 
filled in with a photoresist resin, for example, to prevent the LED*S 1 from being detached from the wafer 20A due to the 
friction caused between the LED*S 1 and the polishing slurry. 
45 [01 31 ] Subsequently, in the process step shown in Figure 1 3(a), the principal surface of the wafer 20A is coated by 
a screen printing technique with a wavelength-shifting resin medium 3 to cover the LED*S 1 and to leave bonding pad 
areas over the p-type semiconductor regions 20a. In this manner, multiple oonposite light-emitting devices 5 are com- 
pleted. 

[0132] Next, in the process step shown in Figure 1 3(b). the upper surface of each wavelength-shifting resin mem- 
50 bers 3 is polished to a predetermined thickness using the polisher 73 again so as to be substantially parallel to the back- 
side of the wafer 20A. 

[0133] Then, in the process step shown in Figure 1 3(c), the wafer 20A is diced into a plurality of chips, correspond- 
ing to respective composite light-emitting devices 5 including the diode 2, using the dicer 72. In this process step, each 
resin member 3 is also partially cut away such that part of the wavelength-shifting resin member 3 covering the sides 
55 of the LED 1 has a substantially uniform predetermined thickness. 

[01 34] Finally, although not shown, each of the conposite light-emitting devices 5 obtained is mounted onto a lead- 
frame or ¥viring board, and then moMed within a resin encapsulant. thereby conrtpleting a semiconductor light-emitting 
unit. 
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[01 35] The method according to the fifth embodiment can attain the same effects as those attainable by the method 
of the fourth enrtediment In addition, since the upper surface of each wavelength-shifting resin member 3 is made sub- 
stantially parallel to the back surface of the diode 2 on which the backside electrode is formed, no chromatidty variation 
would be brought about among the composite light-emitting devices 5. As a result, light-emitting units that can emit radi- 
5 ation at a desired chromaticity can be obtained at an increased yield. 

[01 36] According to the fifth embodiment, one of the polishing process steps shown in Figures 1 2(d) and 1 3(b) may 
be can'ied out selectively However, both of these process steps are preferably perfonned. This is because if the thick- 
ness of that part of the wavelength-shifting resin member 3 above the LED 1 is uniformized. then variation in chroma- 
ticity of emission can be further suppressed. As a result, the chromaticity is adjustable even more precisely. 

10 

Claims 

1 . A composite light-emitting device comprising: 

a light-emitting element including a transparent substrate and a multilayer structure formed on the substrate, 
the multilayer structure including first and second semiconductor layers of first and second conductivity types, 
respectively; 

a submount member for mounting the light-emitting element thereon, the principal surface of the submount 
member facing the multilayer structure, the subnx)unt member being electrically connected to the light-emitting 
element; and 

a wavelength-shifting resin member. wNch is provided on the principal surface of the submount member to 
cover the light-emitting element and contains a photof luorescent or filtering confound, the photof luorescent 
compound shifting tiie wavelength of radiation that has been emitted from tiie light-emitting element, the filter- 
ing compound partially absorbing the radiation. 

2. The device of Claim 1 , wherein the principal surface of the submount member is greater in area than that of the 
substrate for the light-emitting element and is rectangular with a side of about 0.25 mm or more. 

3. The device of Claim 1 , wherein the light-emitting element comprises: 

a first electrode formed on the multilayer structure and electrically connected to the first semiconducta layer; 
and 

a second electrode electrically connected to the second semiconductor layer, and 
wherein the submount member is an overvoltage protector including first and second counter electrodes, 
which are formed on the principal surfece thereof so as to face the first and second electrodes of the light-emit- 
ting element, respectively, and 

wherein when a voltage, which is lower than a dielectric breakdown voltage but exceeds a predetemiined volt- 
age, is applied between the first and second electrodes of tiie light-emitting element, a current flows between 
the first and second counter electrodes. 

4. The device of Claim 3, wherein the first and second electrodes of the light-emitting element are rv and p-skJe elec- 
trodes, respectively, and 

wherein the overvoltage protector is a diode using the first and second counter electrodes as anode and cathode, 
respectively. 

5. The device of Qaim 4, wherein a fbnward operating voltage of the diode is lower than a reverse dielectric break- 
down voltage of the light-emitting element, and 

wherein a reverse breakdown voltage of the diode is higher than an operating voltage of the light-emitting element 
but lower than a forward dielectric breakdown voltage of the light-emitting element. 

6. The device of Claim 3. wherein the first and second electrodes are electrically connected to the first and second 
counter electrodes, respectively, with microbumps interposed therebetween. 

7. The device of Claim 6. wherein the microbumps are fused and bonded together with the associated electrodes fac- 
S5 ing the bumps, and 

wherein the overvoltage protector includes a backskle electrode on another surface thereof opposite to the princi- 
pal surface, and 

wherein one of the first and second counter electrodes includes a bonding pad to be electrically connected to an 
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external component, and 

wherein the polarity of the backside electrode is opposite to that of the first or second counter electrode that 
includes the bonding pad. 

5 8. The device of Claim 7. wherein the first and second semiconductor layers of the light-emitting element are made of 
Group III nitride compound semiconductors, and 

wherein the overvoltage protector is a lateral diode made of silicon, p- and n-type semiconductor regions being 
defined in an upper part thereof closer to the principal surfeca 

10 9. The device of Claim 1 , wherein the light-emitting element comprises: 

a first electrode fbmied on the multilayer structure and electrically connected to the first semiconductor layer; 
and 

a second electrode electrically connected to the second semiconductor layer, and 
IS wherein the submount member is an auxiliary member made of a conductor, and 

wherein the submount member includes: 

a first counter electrode, which is formed on the principal surface thereof so as to face the first electrode of the 
light-emitting element and is electrically isolated from the conductor; and 

a second counter electrode, which is formed on the principal surface thereof so as to face the second electrode 
20 of the light-emitting element and is electrically continuous with the conductor. 

10. The device of Qaim 9. wherein the first and second electrodes are electrically connected to the first and second 
counter electrodes, respectively, with miaobumps interposed therebetween. 

25 1 1 . The device of Claim 10. wherein the microbumps are fused and bonded together with the associated electrodes 
facing the bumps, and 

wherein the auxiliary member includes a backside electrode on another surface thereof opposite to the principal 
surface, and 

wherein one of the first and second counter electrodes includes a bonding pad to be electrically connected to an 
30 external component and 

wherein the backside electrode is electrically continuous with the first or second counter electrode that includes no 
bonding pads. 

12. The device of Qaim 1 1 , wherein the first and second semiconductor layers of the light-emitting element are n^de 
35 of Group 111 nitride compound semiconductors, and 

wherein the auxiliary member is made of conductive silicon. 

13. The device of Claim 1 . wherein the wavelength-shifbng resin member is made of a transparent resin containing the 
photof luorescent compound at about 50 to about 90 percent by weight. 

40 

14. The device of Claim 13, wherein a light-emitting surface of the substrate for the light-emitting element on the oppo- 
site side to another surface thereof on which the multi-layer structure is formed and/or an outer surface of part of 
the wavelength-shifting resin member above the light-emitting surface are/is substantially parallel to a surface of the 
submount meml>er on which the backside electrode is formed. 

45 

1 5. The device of Claim 1 4. wherein the thickness of the part of the wavelength-shifting resin member above the light- 
emitting surface is approximately in the range from 20 (im to 1 10 iim. both indusive. 

16. The device of Claim 13. wherein the thtokness of a part of the wavelength-shifting resin member covering the light- 
60 emitting surface and sides of the light-emitting element is approximately In the range from 20 ^m to 1 10 |im, both 

inclusive. 

17. A semiconductor light-emitting unit comprising: 

59 a composite light-emitting device including a light-emitting element and a submount member for mounting ttie 

light-emitting element thereon; 

a leadframe or wiring board including a mount for supporting a surface of the submount memtier on the oppo- 
site side to the principal surface thereof on which the light-emitting element is mounted; and 
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a transparent resin encapsulant covering the mount as well as the composite light-emitting device, 
wherein the light-emitting element Includes a transparent substrate and a multilayer structure formed on the 
substrate, the multilayer structure Including first and second semiconductor layers of first and second conduc- 
tivity types, respectively, and 

wherein the principal surface of the submount member faces the multilayer structure, the submount member 
being electrically connected to the light-emitting element, and 

wherein the light-emitting element is covered with a wavelength-shifting resin member, which is provided on the 
principal surface of the submount member and contains a photof luorescent or filtering compound, the photoflu- 
orescent compound shifting the wavelength of radiation that has been emitted from the light-emitting element, 
the filtering compound partially absorbing the radiation. 

18. The unit of Claim 1 7. wherein the submount member includes a bonding pad. which is formed on the principal sur- 
face thereof and electrically connected to the light-emitting element, and a backside electrode, which is formed on 
another surface tfiereof opposite to the prindpaJ surface on which the light-emitting element is mounted, and 
wherein the backside electrode and the mount are bonded together with a conductive paste, and 

wherein the bonding pad is electrically connected to a member other than the mount via a wire. 

19. A method for fabricating a semiconductor light-emitting unit, comprising the steps of: 

making a light-emitting element by forming a multilayer structure on a transparent substrate and forming elec- 
trodes on the multilayer structure, the multilayer structure including first and second semiconductor layers of 
first and second conductivity types, respectively: 

making a submount member including counter electrodes on the principal surftice thereof, the counter elec- 
trodes facing the electrodes of the light-emitting element; 
forming microbumps on the electrodes or on the counter electrodes; 

mounting the light-emitting element facedown on the principal surface of the submount member such that the 
multilayer structure faces the principal surface and ttiat the electrodes off the light-emitting element are electri- 
cally connected to the counter electrodes via the microbumps; and 

coating the light-emitting element with a wavelength-shifting resin medium that will be supported on the princi- 
pal surface of the submount member when cured, the wavelength-shifting resin medium containing a photofflu- 
orescent or filtering compound, the photoftuorescent compound shifting the wavelength of radiation that has 
been emitted from the light-emitting element, the filtering compound partially absorbing the radiation. 

20. A method for fabricating a semiconductor light-emitting unit, comprising the steps of: 

a) making multiple light-emitting elements by forming a multilayer structure on each of a plurality of transparent 
substrates and forming electrodes on the multilayer structure, the multilayer structure Including first and second 
semiconductor layers of first and second conductivity types, respectively; 

b) making multiple submount members on a wafer, each said submount member including: a bonding pad on 
ttie principal surface thereof; counter electrodes that face the electrodes of associated one of the light-emitting 
elements; and a backside electrode on another surface thereof opposite to ttie principal suriace; 

c) forming miaobumps on the electrodes or on ttie counter electtodes by a stud bump forming or plating tech- 
nique; 

d) bringing tiie electrodes of each said light-emitting element into contact witii the counter electrodes of asso- 
ciated one of the submount members via the miaotjumps and fusing tiie microbumps by applying ultrasonic 
waves or heat ttiereto such ttiat the microbumps and ttie associated electrodes are bonded togettier, ttiereby 
electrically connecting ttie light-emitting elements to ttie associated submount members and bonding the light- 
emitting elements onto ttie respective principal surfaces of ttie submount members: 

e) coating each said light-emitting element with a wavelength-shifting resin medium that will be supported on 
tiie principal surface of ttie associated submount member and then curing tfie wavelengtii-shifting resin 
medium, ttiereby obtaining a plurality of composite light-emitting devices, each including one of ttie light-emit- 
ting elements and associated one of the submount members, ttie wavelength-shifting resin medium containing 
a photofluorescent or filtering compound, ttie photofluorescent compound shifting ttie wavelength of radiation 
ttiat has been emitted from ttie light-emitting element, ttie tittering compound partially absoribing ttie radiation; 

f) dicing ttie wafer, on which ttie composite light-emitting devices have been formed, into multiple chips; 

g) securing each said composite light-emitting device, which is included on one of ttie chips, onto a mount of a 
lead-frame or a wiring board such ttiat ttie backside electrode of ttie submount member ttiereof is bonded to 
ttie mount via a conductive paste; and 
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h) connecting the bonding pad of each said 8ubnriount member to the associated leadframe or wiring board 
with a wire. 

21 . The method of Claim 20, further comprising, between the steps d) and e). the step of polishing a light-emitting sur- 
face of the substrate for each said light-emitting element on the opposite side to another surface thereof on which 
the multilayer structure is formed such that the light-emitting surface becomes substantially parallel to a surface of 
the associated submount menA)er on which the backside electrode is formed. 

22. The method of Claim 20. further comprising, between the steps e) and f), the step of polishing an outer surface of 
part of the wavelength-shifting resin medium above each said light-emitting element such that the outer surface 
becomes substantially parallel to the surface of the associated submount member on which the backside electrode 
is formed. 
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Fig. 1 (a) 
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Fig. 2 
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Fig. 3(a) 
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Fig. 5 
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Fig. 7 (a) 




Fig. 7(b) 
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Fig. 8 
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Fig. 12(a) 
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Fig. 13(a) 
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Fig. 14 
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